pusher syndrome based on normal subjective visual vertical and abnormal subjective postural vertical concepts (Karnath and Broetz, 2003) .
The subjective visual vertical concept is described by a person sitting in a chair to represent the slope of the straight line in order to see the fluorescent light projected on the wall in a dark room, which pusher syndrome patients show a normal response to. Conversely, the subjective postural vertical concept is measured by the vertical orientation of the perceived body. After irregularly rotating the chair, subjects sitting in the chair in the dark represent the vertical position, and it has been reported that subjects incorrectly recognized the approximately 20º of tilt on the unaffected side (Bonan et al., 2007; Karnath and Broetz, 2003) . Based on these two tests, visual feedback has been provided to control this abnormal subjective postural vertical for functional recovery, and the effect of visual feedback provided to those with pusher syndrome has been recognized as an effective treatment (Broetz et al., 2004; Karnath et al., 2000) .
However, the proprioceptive sensory factor, which is the most important in balance and postural control, was excluded from the experimental conditions in the subjective postural vertical and subjective visual vertical tests and was only used in visual and vestibular sensory systems (Karnath et al., 2000; Karnath and Broetz, 2003) . For example, to control standing balance in stroke patients, the proprioceptive sense of the soles of their feet was reported as the most important factor (Priplata et al., 2006) .
The subjective postural vertical training blocks visual feedback of the vertical orientation, which is beneficial for providing sufficient time for the proprioceptive sensory to be more immersed and recruited for balance control.
It is an inaccurate integration of visual and cognitive feedback, and since the central nervous system can be used selectively, visual feedback was not necessary to control posture and balance (Shumway-Cook and Woollacott., 1995) . In addition, mirrors usually provide visual feedback, showing the left and right reversed, which may be confusing to the patient during the adjustment of sensory organization (Di Fabio and Badke, 1990) . Consequently, for sensory re-education of the affected side, the same side should be shown in the mirror as visual feedback, not the reversed side (Stevens and Stoykov, 2003) .
The concepts of normal subjective visual vertical and abnormal subjective postural vertical have been reported on (Karnath and Broetz, 2003) ; however, in the clinical rehabilitation field, the subjective postural vertical concept of blocking visual feedback has been used as an unvarying way and is associated with specific clinical research that is still lacking. Thus, this present study aimed to compare the effect of subjective postural vertical training with visual feedback and without visual feedback on the functional motor recovery including the degree of pushing and balance in post-stroke hemiparesis patients with pusher syndrome.
Ⅱ. Methods

Subjects
Three patients with hemiparetic post-stroke diagnosed with pusher syndrome were selected from the inpatients at the department of physical therapy of a local rehabilitation hospital. The selection criteria were as follows: 1) no significant cognitive deficits of > 25 points on the Mini-Mental Status Examination, 2) no apraxia, 3) > 2 months after the onset of stroke, and 4) an average score of > 5 on the Scale for Contraversive Pushing ( All the procedures were explained to the subjects, and each subject signed an informed consent form.
Design
This study used a single-subject research design with alternating treatment and multiple baselines across the individuals. In this design, it was possible to have different numbers of baseline sessions among the subjects in order to differentiate from the beginning of the intervention and to compare the effects of the intervention between the experimental conditions in which the intervention was started and stopped. Subjects were separated and performed baseline and intervention sessions, a total of 18 experimental sessions. Subjects 1, 2, and 3 started baseline at the 4th, 7th, and 10th sessions and intervention at the 14th, 11th, and 8th sessions (Fig. 1 ). The intervention was applied three times a week for 1 h. All the assessments were performed by a blinded experimenter to remove bias of the measurement variable.
Intervention
For SPV training with and without visual feedback, an alternating study design was used. The subjects were randomly selected using the sequence of the two training methods upon starting the intervention, and then the subject alternated the training throughout the intervention sessions. 
Outcome measures
The SCP consists of three distinct items of postural control: 1) symmetry of spontaneous posture while sitting and standing, 2) use of the ipsilesional extremities to abduct and extend the area of physical contact with surfaces such as an arm and hand on a mattress or a leg and foot on the floor while sitting and standing, and 3) resistance to passive correction of posture while sitting and standing (Karnath et al., 2000) . The sum total score ranged from 0 (no symptoms) to 6 (severe symptoms). The inter-rater reliability (intraclass correlation coefficient; ICC) is .971, and validity is indicated using the internal consistency measure of Cronbach α, which is .919 (Baccini et al., 2008) . Descriptive statistics and visual analysis methods were used to analyze the results from a graph of measurements at baseline, and intervention data included the typical characteristics of the subjects. Ⅲ
. Results He measured SCP and PASS scores and BI at baseline and after therapeutic intervention are presented in to 3 in subject 2, and from 3.5 to 2.7 in subject 3 (Fig.   2 ). However, compared to the average score at baseline, the average score after SPV training with visual feedback decreased from 5.3 to 3.1 in subject 1, from 4.6 to 3.5 in subject 2, and from 3.5 to 3.3 in subject 3 (Fig. 2) .
For the PASS score, compared to the average score at baseline, the average score after SPV training without visual feedback increased from 14 to 21.1 in subject 1, from 15.4 to 17.7 in subject 2, and from 19.1 to 21.7 in subject 3 ( Fig. 3) . However, compared to the average score at baseline, the average score after SPV training with visual feedback increased from 14 to 19.5 in subject 1, from 15.4 to 15.8 in subject 2, and decreased from 19.1 to 18.4 in subject 3 (Fig. 3) .
For the BI, compared to the average BI at baseline, that after SPV training without visual feedback increased from 43.8 to 55 in subject 1, from 44.6 to 52.7 in subject 2, and from 51.6 to 60.4 in subject 3 (Fig. 4) . However, compared to the average BI at baseline, that after SPV training with visual feedback increased from 43.8 to 52.3 in subject 1, from 44.6 to 50.5 in subject 2, and from 51.6 to 59.7 in subject 3 (Fig. 4) . proprioceptive training that does not rely on visual feedback has already been reported and is considered to be more effective in the functional recovery of activities of daily living in stroke patients with the pusher syndrome (Karnath and Broetz, 2003; Lee et al., 2015) .
Recently, the potential of proprioceptive sensory practice as a method for acquiring and improving motor skills in hemiparetic stroke patients has been recognized in several studies (Sobuh et al., 2014; Wilson et al., 1999; Wong et al., 2012) . Neurophysiologically, the proprioceptive sensory factor, which explains the sensory organization in order to balance control, should be incorporated into the visual and vestibular systems (Di Fabio and Badke, 1990) .
For example, visual disabilities play an important role in the ability of balance control for maintaining a vertical position, and the proprioceptive sensory factor was reported to replace and even be more dominant than the visual sensory factor (Han and Shin, 2013; Horak et al., 1997) .
Athletic dancers took advantage of the right of the proprioceptive sensory factor (Golomer et al., 2009 ).
Therefore, this can be considered as a rationale for the absence of visual feedback in subjective postural vertical training as a therapeutic strategy for facilitating intensive proprioceptive sensory.
It was reported that it is possible to fully recover from pushing symptoms within 6 months compared to a patient with no pushing symptoms, and patients with pushing behaviors require about 4 week to reach the same functional level (Karnath and Broetz, 2003) . This implies that the treatment goal for patients with pusher syndrome is to recover as quickly as possible and to shorten the treatment period. Some researchers (Karnath et al., 2000; Pedersen et al., 1996) argued that visual cues can help the body's vertical orientation to realign, because the orientation perception of the visual system is not impaired by itself. Med Vol. 12, No. 3 Similarly, the use of manual guidance, which reinforces the indication of somesthetic information limiting visual and verbal feedback was reported (Davies, 1985; Pedersen et al., 1996) .
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To date, most interventions for reducing pushing symptoms have emphasized subjective postural vertical training with visual feedback (Koter et al., 2017; Paci et al., 2009 ). However, throughout the training in this study, the patients were encouraged to understand the mismatch between the true visual vertical and their own incorrect sense of their body's relation to gravity. The patients learned to move their body mass over the base of support in the context of functional activities; thus, during the absence of visual feedback, attention was paid to the object to be reached and where it was in space rather than to the body movement itself. These responses may be supported by the main points for understanding and effectively treating pusher syndrome, as proposed by Karnath and colleagues (Karnath and Broetz, 2003) .
The Scale for Contraversive Pushing, modified Scale for Contraversive Pushing, and Burke Lateropulsion Scale used to assess the pushing behavior symptoms in post-stroke patients have a high reliability and validity.
However, we used the Scale for Contraversive Pushing, because it is the most popular examination tool that is quick and simple to use with the highest reliability and validity (Baccini et al., 2008; Koter et al., 2017) . The
Postural Assessment Scale for Stroke was used, because it is one of the most valid and reliable clinical assessments of postural control in stroke patients during the first 6 months after stroke (Baccini et al., 2008) . The Barthel Index was selected in this study because it is the most commonly used measurement for assessing the functional capacity in the activities of daily living at different positions in stroke patients (Hsueh et al., 2001) . pusher syndrome (Pedersen et al., 1996) . In this study, subjective postural vertical training without visual feedback at 6 week in subject 1 showed about 11 points in improvement. This improvement rate is considered to be caused by a combination of the two alternating training methods used, which may have a positive effect on the overall activities of daily living as the pushing symptoms were reduced.
Nevertheless, this study had several limitations in interpreting and verifying the results of this intervention. 
Ⅴ. Conclusion
This present study suggests that SPV training without visual feedback is beneficial for the time-effective management of abnormal pushing behavior and is associated with functional activities of stroke patients with the pusher syndrome. However, caution should be exercised in interpreting these results and when implementing future studies, because these results cannot be generalized to all stroke patients with the pusher syndrome.
